Smnmary. Washed whole chloroplasts of Spinacia oleracea isolated and assayed in a tris (hydroxymethyl aminomethane)-HCl bu'ifered sucrose solution exhibited low dark CO.2 fixing activity, whereas washed whole chloroplasts isolated in the same buffer but assayed in that ibuffer without sucrose exh;ibited much greater dark CO2 'fixing activity. The lowered activity could be attributed to the impermeability of the chiloroplast membiane to ribose-5-phosphate or adenosine triphosphate. The preservation of the integrity of the chloroplast menibrane, as reflected by its impermeability to either or both of the abovementioned compounds, was measured by the fixation of 1"CO2 into acid-stable products in the presence of riibose-5-phosphate and adenosine triphosphate by the whole chloroplast as compared with (fixation by the chloroplast extract. An effect (i.e., apparent resistance to the passage of ribose-5-phosphate or adenosine-5-triphosphate into the chloroplast) similar to, but iless pronounced than, that produced by the presence of sucrose in the isolation medium was observed upon the addition of MnCi, or CaCl2 to the buffered sucrose isolation medium. The addition of KCl enhanced slightly the effect produced by addition of sucrose alone to the isolation medium. The ipresence of Mg!'Cl2 in the isolation medium, however, either caused the chloroplasts to become leaky or more fragifle since more of the activity of the car-boxylative phase enzymes appeared in the cytoplasm. When a mixture of all ocf the metal ions was added to the buflfered sucrose sus'pending medium, the chloroplasts exhibited the same response observed with MgGC2 alone. The addition of ethylene diaminetetraacetate or d'ithiothreitol appeared to alter the permeability of the chloroplast membrane nonspecifically when the assay was conducted in the absence of sucrose. Specific act'ivities (umoles 'CO2 fixed/mg chlorophyll X hr) as high as 329.6 have 'been observed for dark fixation 'by chloropl'asts. The iphosphoenolpyruvate carboxylase activity in the chl,oroplasts was only one-seventh that of ribulose diphosphate carboxylase. The phosphoenolpyruvate carboxylase activity in the cytoplasm was 5 times that of the chloroplasts.
contrast to COo fixation when ATP and ribose-5-P are provided exogenously, has been the low levels of activity observed under either condition as compared with the highest reported values for the intact leaf (17, 18, 23) . In the investilgations from which the available information has been derived, a wide variety of isolation and assay procedures has been employed. There is no assurance that any given isolation or assay technique which allows good rates of photophosphorylation or of 'CO2 hixation independently, will support maximum rates of these 2 activities simultaneously. In most of the investigations of light-dependent CO2 fixation either the potential of the carboxylative phase enzymes was not measured (3, 17, 23, 24) by the addition of ATP and rilbose-5-P, or the activity in the presence of addled ATP was lower than the light-dependent activity (13) . Although light-dependent ATP synthesis has reached levels of over 300 umoles/mg chlorophyll X hour in isolated spinach chloroplasts ( 10) and over 1000 ju.tmoles/nmg chlorophyll X hour in isolated Swiss clhard chioroplasts (4, 11) , the fixation of 14CO., in the liglt or in the presenice of ATPP has not exceeded 155 ' u,nio!es/mg chlorophyll X hour (17) , an(d usually has been considerablv less than the maximuml fixation rate of approxniately 245 KIiloles/mg chlorophyll X hour aclieved lby the intact leaf ( 17) . Investigatfoins on the influence of cofactors on ATP-dependent CO., fixatioii in cell-free systems from photosynthetic an(l cheimosynthetic atutotrophs (12) revealed that ceitaill riatios of the various components were essential >for ol)taining maximnumi ATIP-depenident CO, fixationi. As a result of these findings, specific activities for ATP-dependent CO, fixation could be obtaiined which were highest yet reported. The use of this assay system has allowed an investigation of the relation of chloroplast integrity to ATP-dependent CO., fixation, and has 'provided information concerning, the permeability of the chloroplast membrane to ATP and ribose-5-P, as well as the relationship between ribose-5-P and ATP-dependent and ribulose-1, 5-diP dependent CO. fixation in various fractions from spinach leaves. Additionally, informilatioIn oIn the eflfect of EDTA and sulfhydryl reagents onI intact chloroplasts, as well as on soluible enzvimies for CO, fixation, has been obtained.
Materials and Methods

Isolationt anid Fractionation of Spinach Leaf
Homiiogeniates. Fresh spinach leaves (Spinacia oleracea) were removed ifrom 'plants grown in a greenhouse at 150 and 60 % relative humidity. Chloroplasts 'prepared from spinach cbtained from local markets or spinach picked on a 'farm within 5 minutes driv-ing time from the laboratory had good CO2 fixing ability, but chloroplasts from the market spinach were completely permeable to ribose-5jP and ATP immedli--ately after preparation.
All steps in the processing were carried out at 20 to 40. The midribs and petioles 'were removed and .only laminae were retained. All glassware and other apparatus were precooled and kept in crushed ice or ice water near 00. The laminae were washed 2 or 3 timlies in cold distilled water Alssay for 14CO., Fixation. The incoriporation of CO., <(as Na14"CO ) into acid-stable products was conducted in double sidearm 20-ml Warburg flasks. 'Fhe main conpartment contained, in a total volume of 2.7 ml, in ttmoles: tris buf fer, pH 7.5, 100; ribose-5-P, 10; ATP, 20; MgCI., 160; and Na.'4C00, 30 (2.5 X 105 cpmn/umole). Whenever EDTA was present the final concentration was 5 X 10-4 M. The fraction to ibe assayed jwas placed in 1 sidearm and 0.3 ml of 10 % perchloric acid in the other. One sidearm was plugged with a sidearm plug with a gassing vent and the other was sealed with a serum cap. The flasks wvere placed on manometers and into a Warburg bath at 30°. The flasks were gassed with helium for 5 minutes, the fraction to be assayed was tipped in from the sidearm, and the reaction allowed to take place for 10 minutes with shaking.
At the end of this time, the perchloric acid was tipped in from the second sidearm to terminate the reaction and to release any unfixed '4CO. Then 0.1 ml of 30 % NaOH was injected into the sidearm. The flasks were then shaken for an additional 20 minutes.
Determiiinationl of Fixed 14CO0. The contents of the Warbuirg flasks were centrifuged to remove precipitated protein. Two-tenths ml of the supernatant fluid w-as placed in a counting vial containing 10 ml of scintillation fluid (2,5-diphenyloxazole, 4 g; 1,4-bis-2'[5'-phen-iloxazolyl] benzene, 100 mg; toluene, 700 tuil; absolute ethainol, 3,00 ml) and counted in a Packard scintillatioin counter.
Clicieiicals. All cheiicals in this investigation wvere purchased fromn commercial sources anId were reagenit gradce. The ribose-5-P, ATP, and P-enolpyruvate were pu-chalased cither fromn Calbiochem In the presence of Mg2+ there was an aggregation .n these extracts of chlorophyll-containing particles which are sedimented by the 20,000-g spin routinely used to clear the extract. Consequently, the 20,000-g supernatant fluid contained less chlorophyll without affecting the activity or concentration of the carboxylative phase enzymes. This aggregation of particles occurred only with Mg2' and not with any of the other cations tested (which included all the cations reported in the literature as having been employed in the isolation of spinach chloroplasts). Consequently, the specific activities for the chloroplast extract are given per mg protein only.
The experiments reported with magnesium ions were repeated with K+, Ca2', and Mn2+ separately, and with a mixture of Mg2°, K+, Ca2', and Mn2+. In no instance (except for K+ and then only slightly) 
CO2 Fixation
In procedure A, the isolation solution contained the following: 0.33 M sorbitol; Na2HPO4-KH2PO4 buffer (0.1 M), pH 6.8; NaCl (0. %); MgSO4 (0.1 %); and sodium isoascorbate (0.1 %). Assay solution contained the following: sorbitol (0.11 mM), MgSO4 (0.8 mm), MnCl (0.8 mM), KHH2PO4 (0.8 mM), NaCl (0.08 mm), tris (0.25 mM), EDTA (0.8 mM), sodium isoaccorbate (1.6 mM), cysteine hydrochloride (1.6 mM) and 5 ,umoles of Naa2CO3 (2.5 X 105 cpm/,mole). The pH was 7.5 and the total volume was 2.7 ml . To all flasks ATP, 20 ,umoles and R-5-P, 10 ,umoles were added. In procedure B, isolation and assay techniques as described in Methods section of this paper. Walker (23) using a new isolation method and assay mediumii reported imiprovedl rates of light-dependent CO.) fixation. Therefore, w-e compared his method of isolation and assay witlh that reported in this pap2r for ATPdepenident CO.) fixation (tab'e IV). It is clear that the maximum activity for dark CO., fixation is observed only Nwith chlloroplasts, isolated and assayed according to the procedure outlined in this paper. Clhloroplasts iso'alted in the sorbitol mixture anid assayed in the mixture described in this paper manifested about 75 % of the activity of those isolated and assayed according to our procedure. It is clear from the data that the composition of the assav miediuim seemecd to be a more critical factor than that of the isolation muediulm.
Methods of isolation and assay
It might be argued that the difference in the activity of the 2 preparations resides in the retention of permeability characteristics of the chloroplast menmbrane. If the sorbitol-isolated chloroplasts were less permeable to ATP and ribose-5-P than the sucrose-tris isolated chloroplasts, the lesser activity on the part of the former could be explained on that basis. However, the same diifference in ATP-dependent CO2 fixinvg activity prevailed in the chlllorop'ast extract where membrane permeability was not a factor. This suggested a limiting cofactor in Walker's system for dark CO,> fixation. When eaclh conponenit of the soi'bitol assay system at the concentration recommeended bh Walker (23) was tested separately in an otherwise complete tris system, sodium chloride, isoascorbate, and phosphate had no effect on ATIP-dependent CO.) fixat.on. Sorbitol and MnCl., inhibited sliglhtly; and EDTA and cy'steine stimulated the tris system1 (as already shoxwn in the above sections). The concentration of Mg2uused by Walker (0.8 IlM) in coIntrast to the 60 mm in our system profoundly reduced the anmount of CO., fixation observed. T,his w-as almost precisely the amount of fixation observed in the sorbitol-isolated, sorbitolassayed cliloroplast system. It should be mentionied that when the specific activity in Recently, Jensen and Basshamii (17) prepared spInach chlorop'asts which exhibit rates of lightdependent CO.) fixation approaclhing the observed light-dependent levels in the whole leaf (63 % of the in vivo photosynthetic rate). These rates are the highest v-et reported. The full potential of the car-)oxvlatixve phase enzymiies presenit in chllorcplasts is even higfher as has been shown bv the addition of ribose-5-P and ATP. The bicarbonate concentration required ifor the maximumi rate of ATP-dependent CO., fixation as reported above is higher than that required for light-dependent CO., fixat.on. Since the concentration of CO., or bicarbonate inl the intact leaf at the enzyme site is not known, the significance of this dnffference for the true in vitro systems is n-ot apparent. However, the high rate of ATP-dependent CO., fixation reported here can be sustained for 45 minutes to an hour whereas the rate of the lightdependent system drops off rapidly after 10 minutes ( 17) .
Phosphoenolpyruzvate Carboxylase Activity in Spiniach Fractions. It is important to determine that a!1 the observed incorporation is due to the activity of the ribulose-1, 5-diP carboxylase because it is possible' that other mechanisms such as P-enolpyruvate carboxvlase whiclh has been reportecl to be present in extracts of spinach chloroplasts (20) could lead to CO., incorporation, into acid-stable comnpounds. Table  V shows that the fixation observed in the clhloroplast fraction could not be due to P-eno'pyruxvate cailboxv- 
Conclusions
Washed 'whole chlioroplasts retained their permeability characteristics as determined by the physiological technique of measuring CO2 fixation in the presence of ATP and ribose-5-P. The absenice of CO, fixation in the presence of the phosphorylated compounds was interpreted as a failure of at least 1 of these compounds to penetrate the chloroplast since extracts of these same chloroplasts fixed large quantities of CO, in the ipresence of ribose-5-P and ATP.
The integrity of the chloroplast menibrane, as measured by the fixation of CGO2 in the presence of ribose-5-P and ATP in the whole chloroplast as compared with the chloroplast extract, was preserved in a tris-HCl buffer containing 0.5 M sucrose. An effect similar to, but less pronounced than, that produced by the presence of sucrose in the isolation medium was caused by the presence of MnGI9 or CaCi9 in the buiffered sucrose isolation medium. The addition of KCl enhanced slightly the effect produced by the addition of sucrose alone to the isolation medium. The addition of MgCl2 to the isolation medium caused either a leakage of enzymes out of the chloroplast into the cytoplasm, or the chlorop'ast to become more fragile and rupture with re0ease of enzymes into the cytoplasm.
The addition of EDTA to the chloroplast suspension assayed in tris without sucrose resulted in increased permeability and/or preservation or stimulation of activity, as dd the additicn of dithiothreitol. It is not possible at this time to distinguish between the separate effects. It is clear, however, that the effect of EDTA and dithiothreitol in preserving or stmulating the activities are quantitatively equal, but not additive.
There was detectable P-enolpyruvate canboxylase activity in the chlorop'asts, but at only about oneseventh the level of the ribulose diphosphate carboxylase activity. There was 5 times as much P-enolpyruvate carboxylase activity in the cytoplasm as in the chloroplast.
The specific activity for the carboxylative phase of ATP-dependent CO, fixation in these chloroplasts can be as high as 329.6 umoles of CO./mg chlorophvll X hour and, therefore, ribulose-1, 5-diP carboxylase cannot be limiting.
